Placing and incubating a split barley seed on the surface of a starch-gelatin medium in a glass dish, Wijsman in 1889 demonstrated the presence of two starch-hydrolyzing enzymes diffusing with different velocities through the gel and yielding different end products (Van Klinkenberg, 1934) . Since then, microbiologists have used the principle of this procedure to demonstrate the presence of amylase in cultures of microorganisms. Techniques used in the assay of antibiotics have been applied to the Wijsman method estimating quantitatively the potency of fungal, pancreatic and serum amylase (Lulla and Sreenivasaya, 1946; Sherwood, 1947; Sherwood, 1951; Goodman 1950;  Tamagawa, 1951;  Simonart and Yu Chow, 1951;  Kotake, Koaze and Saito, 1952;  Dingle, Reid and Solomons, 1953) . The enzyme solution was placed into agar wells or into penassay cylinders or it was applied to paper discs. It was allowed to diffuse under controlled conditions of temperature and time. Upon flooding the surface with a diluted iodine solution, clear circles of hydrolysis became visible. Depending on the method, the concentration of the starch ranged from 0.1 to 3.6 per cent, that of the agar from 0.8 to 2.0 per cent, the amount of substrate per Petri plate from 5 to 25 ml., the temperature of incubation from 30 C to 45 C and the time of incubation from 12 to 24 hr. Also, the type of starch, presence or absence of disinfectants, and the method of applying the enzyme, as well as its amount and concentration, differed from investigator to investigator. However, regardless of the method, the diameter or the area of the circle of hydrolysis, within limits, was always related to the potency of the amylase. The use of the Wijsman method for the estimation of the potency of bacterial alpha amylase has not yet been reported.
It was the purpose of this investigation to study critically various treatments conceivably influencing the rate and the extent of the hydrolysis of soluble starch by a bacterial alpha-amylase preparation, so as to be able to make recommendations that will help toward the establishment of a standard experimental procedure to be used in testing the potency of bacterial alpha amylase.
GENERAL CONSIDERATIONS
Factors affecting the substrate, the enzyme solution, and the ensuing reaction were studied by (I) varying the concentrations of the starch and of the agar, the amount of substrate per Petri plate, and the type and concentration of different buffers, as well as the pH; (II) varying the concentration, the amount per paper disc, and the method of applying the enzyme solution; and (III) varying the time and the temperature of incubation, respectively.
Each of these factors was used at different levels and tested in different combinations. Since it was not expedient to vary all levels of all factors simultaneously, appropriate groupings were made of the factors for study so that the influence of the interactions that were considered important a priori could be studied. Studies were conducted for two different purposes: (1) to deternine the optimum level to be used for the several factors in experiments determining the potency of the amylase and (2) to determine the relationship that exists between the various factors involved in such experiments.
The experimental design used to test the effects of various levels of each factor on the efficiency of the experiment and to determine the potency of the amylase was of the usual factorial type. Since every test for homogeneity of the variance (Snedecor, 1946) failed to disclose a lack of homogeneity of the variance observed within the various factorial levels, treatments yielding the largest zone diameters were considered to be the most sensitive as far as potency determination is concemed. This homogeneity of experimental error can probably be attributed to the restriction placed upon the range of a variable to those values that were ex-perimentally feasible. Even with this restriction, however, cases did arise in which the most sensitive combination of levels of factors according to the maximum zone criterion is not to be recommended since the levels involved values on the periphery of experimental feasibility. For example, although agar concentrations below 1.0 per cent and starch concentrations below 0.2 per cent yielded the larger zone diameters, the use of semisolid agar and of starch concentrations too low to give zones with sharp, well defined edges is not to be recommended.
Ordinarily three samples of the enzyme powder were prepared and aliquots of each sample were placed on four paper discs per Petri plate, using four plates per sample. This resulted in 16 replications per sample, a total of 48 per lot. To determine the treatment or treatments yielding the largest diameter, the treatments were ordered by mean diameters and separated into statistically significant groups by the method of Tukey (1949) . Since the error term in the procedure involves only the sample to sample variation, the use of more than one disc and more than one plate per sample did not increase the number of degrees of freedom in the error term, but simply increased the precision of the experiment in an inherent fashion.
In Applying the Enzyme Solution Before applying the amylase to the substrate, plates were-removed from the refrigerator, allowed to reach room temperature, and were then randomized and labelled. Not more than two -filter paper discs were placed on the surface of the starch agar gel at any one time and the enzyme solution was applied immediately. This procedure was necessary because of the tendency of the discs to absorb moisture rapidly from the medium. A 0.2 ml graduated pipette was used to apply accurately 0.07 ml of enzyme solution to each disc. The outside of the pipette was wiped dry with absorbent tissue paper before placing the tip to the center of the disc. Before the Petri plate was closed, the inside of the lid was wiped dry. Water of condensation dripping from the lid onto the medium caused a distortion of the zones of hydrolysis. After eight to ten plates had been treated, they were stored upright in a forced draft incubator at 52 C. It is advisable to stack them on empty plates to avoid excessive drying of the bottom plate. When discs are dipped into the enzyme solution, they are drained by touching the side of the test tube. Dipping the discs is a much more convenient procedure than applying a measured amount of enzyme. However, the reliability of this technique must be put to a vigorous test before it can be recommended.
Measuring the Zones of Hydrolysis
After a certain period of incubation, discs were removed from the surface of the medium and were discarded.. The starch agar gel was then flooded with a dilute iodine solution and the excess was poured off. pH. The hydrogen-ion concentration of the substrate had a profound effect on the reaction. The differences between the average zone diameters differed significantly from one pH to the next in the range from pH (DiCarlo and Redfern, 1947) , at either molarity, were equally useful. There was no significant difference between the average zone diameters in the presence of these buffers. However, citrate not only yielded significantly smaller zones, but decreased the zone diameters with increasing concentration of the buffer.
7Fisher Scientific Co., Pittsburgh, Pennsylvania. Although the largest zones were obtained with the largest amount of enzyme solution applied to the disc, some of the enzyme solution overflowed from the disc to the substrate. Consequently, 0.07 ml per disc was Dipping the disc into the enzyme solution resulted in zones which were significantly larger than those obtained from applying 0.07 ml to each disc. Apparently, dipped paper discs absorb more than 0.07 or even 0.08 ml of enzyme solution. This has the advantage of enabling the investigator to lower the concentration of the enzyme solution below the point where measurable When the logarithms of the concentration of the amylase were plotted against the square of the average zone diameter of pooled samples a straight line was obtained, shown in figure 1. When the results of each sample of amylase were plotted separately, using the The effect of the temperature and of the period of incubation on the size of the zones of hydrolysis was studied in an experiment utilizing four temperatures and five periods of incubation. At each time interval, four plates were randomly removed from the incubator. The experiment lasted ten days because the same incubator was used. The substrate was the same throughout, but the enzyme solution was freshly prepared at each temperature. At 41 C and 51 C, the edges of the zone of hydrolysis were well-defined. At 61 C after six hr of incubation, the edges turned fuzzy. At 71 C this occurred after three hr. Since after 24 hr of incubation many zones exceeded the measurable range of the zone reader, the diameters were merely approximated. The results are shown in table 9 and graphically in figure 2. The ordered means are shown in table 10.
Heat inactivation of the enzyme solution became noticeable at 61 C and 71 C. This explains why in three instances among the ordered means a difference in temperature of 10 and 20 degrees did not produce significantly different zone diameters at differing periods of incubation.
The data of Time and temperature of incubation are critical factors which must be carefully observed. Heat inactivation of the enzyme during incubation should be avoided. These conditions differ from one enzyme preparation to the next and must be experimentally determined. Therefore, no recommendations can be made concerning the optimum length and temperature of incubation. Generally, plates should not be incubated more than 12 hours.
From the data obtained, the following recommendations can be made for the use of a sensitive starchagar, filter-paper disc method: 0.2 per cent soluble starch, 1 per cent agar prepared in Soerensen's phosphate buffer, M/15, pH 6.0 using 20 to 25 ml per plate; amylase preparation (0.03 to 4.0 per cent w/v) in 0.0125 M calcium chloride solution, applying 0.07 ml to each disc (12.7 mm diameter); incubating the plates at 40 or 50 C up to 12 hr.
The inhibitory effect of the citrate buffer on the amylase was unexpected and is being investigated further.
Increasing the concentration of the enzyme preparation 100-fold did not influence appreciably the straight line relation that existed between the logarithms of the concentration and the resulting zone diameters. Consequently, it will be possible to develop an assay procedure for measuring the potency of bacterial amylase solutions. This is being done in our laboratories at present.
SUMMARY
Important steps of a paper-disc, starch-agar diffusion method for estimating the potency of bacterial amylases were investigated critically in experiments which were statistically designed and analyzed.
Slight changes in the concentration of the starch, of the agar, of the amylase, in the pH of the substrate and in the amount of the enzyme per disc caused statistically significant changes in the diameter of the zones of hydrolysis.
Large changes in the amount of the substrate per plate, ranging from 10 ml to 30 ml, and in the use of Soerensen's phosphate or of a universal buffer, each at M/15 or M/30 concentration, had no effect on the zone diameters.
Period and temperature of incubation were critical factors and must be determined experimentally for each type of amylase. For the bacterial amylase under test, 41 C and 51 C up to 24 hr were satisfactory. At higher temperatures heat inactivation of the enzyme occurred rapidly.
Over a certain range, the amount of enzyme per disc, 
